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DETECTION PROBABILITIES OF WOODPECKER NESTS IN
MIXED CONIFER FORESTS IN OREGON

ROBIN E. RUSSELL,1,5 VICTORIA A. SAAB,2 JAY J. ROTELLA,3 AND
JONATHAN G. DUDLEY4

ABSTRACT.—Accurate estimates of Black-backed (Picoides arcticus) and Hairy Woodpecker (P. villosus)
nests and nest survival rates in post-fire landscapes provide land managers with information on the relative
importance of burned forests to nesting woodpeckers. We conducted multiple-observer surveys in burned and
unburned mixed coniferous forests in Oregon to identify important factors influencing detection rates of wood-
pecker nests. We found 21 Black-backed Woodpecker nests and 38 Hairy Woodpecker nests in burned forest,
and three Hairy Woodpecker nests in unburned forest. Competing models of detection probability in Program
MARK indicated that nest-detection probability differed by nest stage. We found no evidence to indicate that
detection rates of nests were associated with survey timing during the nesting season. Raw nest counts in burned
coniferous forests may underestimate nest numbers, especially for nests in early stages of development. Black-
backed Woodpecker nests were slightly more detectable than those of Hairy Woodpeckers in burned forests,
and observers may differ in their abilities to detect nests. Received 12 February 2008. Accepted 29 May 2008.

The importance of estimating probabilities
of detection for individuals, species, or age
classes has been noted by many authors
(Nichols 1992, Buckland et al. 2001, Williams
et al. 2001, MacKenzie et al. 2006), and com-
puter programs are available for estimating
detection probabilities for a wide variety of
sampling scenarios. Program MARK (White
and Burnham 1999) and Program PRESENCE
(MacKenzie et al. 2006), for example, are
based on generating estimates of detection
and/or recapture probabilities (p) to adjust ob-
served counts of individual animals or occu-
pied sites, and account for differences in de-
tection probabilities (Nichols 1992). Despite
the volume of literature emphasizing potential
biases that can be induced by ignoring detec-
tion rates, few studies have quantified detec-
tion rates for nests of avian species. In the few
cases where avian researchers have estimated
detection probabilities for nests, p has varied
by observer, species, or habitat type (Erwin
1980, Ferns and Mudge 1981, Wanless and
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Harris 1984, Rivera-Milán 2001, McPherson
et al. 2003, Barbraud et al. 2004, Barbraud
and Gélinaud 2005).

Woodpeckers perform an important ecosys-
tem function by creating cavities which are
subsequently used by a number of different
wildlife species (Raphael and White 1984,
Murphy and Lehnhausen 1998, Hutto 2006,
Saab et al. 2007). Previous studies have iden-
tified post-fire forests as important nesting
habitat for several woodpeckers and other
cavity-nesting species (Bock et al. 1978, Ra-
phael and White 1984, Saab and Powell 2005,
Saab et al. 2007). Accurate counts of nests
and estimates of productivity are necessary to
provide land managers with information re-
garding the effects of management practices
(such as salvage logging) on these species. We
selected two woodpecker species, Hairy
Woodpeckers (Picoides villosus) and Black-
backed Woodpeckers (P. arcticus), as our fo-
cal species.

We conducted a study using a survey de-
sign with independent observers to examine
whether probability of nest detection varied as
a function of nesting stage, observer, species,
season, and/or habitat (burned or unburned).
Our objectives were to: (1) identify important
factors affecting nest detection rates of the
two woodpecker species, (2) quantify the de-
tection rates of woodpecker nests and examine
how the probability of detection increases
from one to three surveys, and (3) provide
recommendations to improve the probability
of detecting woodpecker nests.
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We expected nest detection would be highly
associated with nest stage. Late-stage nestlings
close to fledging are often more conspicuous
and vocal (Best and Petersen 1982, Pietz and
Granfors 2000). Johnson and Shaffer (1990)
noted the number of Mallard (Anas platyrhyn-
chos) nests found increased with age, indicating
nests were missed in early stages for this spe-
cies. Mayfield (1961, 1975) methods for esti-
mating nest success were developed because
successful nests have a higher probability of be-
ing detected than failed nests due to longer ex-
posure times, and estimates of apparent nest
success are biased high.

We expected the day in the season the sur-
vey was conducted should be related to nest
stage (more late stage nests found later in the
season), and potentially would be associated
with increasing nest detection rates later in the
season. Hairy and Black-backed woodpeckers
are similar with regard to calling rates, size,
foraging behavior, and visual appearance
(Dixon and Saab 2000, Jackson et al. 2002),
and we expected detection rates to be similar
for both species. We also expected nest detec-
tion probability to be lower in unburned land-
scapes due to denser vegetation than in forests
burned by wildfire, and that detection proba-
bility would vary by observer.

METHODS

Study Area.—We conducted this study in
burned and unburned coniferous forests in
south-central Oregon. We selected one un-
burned 250-ha study unit on The Nature Con-
servancy’s Sycan Marsh Reserve, and one on
the Fremont-Winema National Forest. Both
locations were subjected to similar manage-
ment regimes prior to the implementation of
our study. Burned sites were in the Toolbox
fire complex on the Fremont-Winema Nation-
al Forest, which burned 34,400 ha in 2002
(USDA 2002). We selected study units within
the Toolbox fire using remotely-sensed data.
We selected units with a mixed conifer over-
story with �40% pre-fire crown closure that
had been moderately-severely burned follow-
ing the wildfire to ensure that study units were
relatively uniform. Eight units were selected
within the burned area and protected from log-
ging. Units ranged in size from 23 to 106 ha.
Dominant tree species were ponderosa pine
(Pinus ponderosa), lodgepole pine (P. contor-

ta), and white fir (Abies concolor). Elevations
on the burned study sites ranged from 1,500
to 1,800 m, and on the unburned sites from
1,500 to 2,000 m.

Field Methods.—We used standard field
protocols to estimate the probability of nest
detection and to evaluate factors affecting
those probabilities (p) for Hairy and Black-
backed woodpeckers in burned and unburned
forests. We used repeated independent observ-
er surveys to estimate the probability (p) of
detecting a nest. This survey design allowed
us to calculate the probabilities of nest detec-
tion after one, two, or three visits, by inde-
pendent observers, and to estimate total num-
ber of nests missed by all three observers.

Observers alternated between surveying
burned and unburned areas during the season
to allow us to separate seasonal changes in p
from habitat differences in p. Survey effort
(observer hours) was equal in both burned and
unburned areas; however, low nest densities in
the unburned areas allowed observers to sur-
vey longer transects and more area. We sur-
veyed 435 and 241 ha in unburned and burned
forests, respectively.

Transects were 200 m apart and placement
was designed to cover the entire area of the
study unit without overlap. The 200-m wide
transects ranged in length from 0.5 to 2.0 km,
depending on study unit size. Three observers
systematically surveyed the full length and
width of each transect. All three surveys oc-
curred within 3–5 days from May to June
2006. A short interval was used to minimize
the probability that nests would advance from
one stage to another (i.e., eggs to nestlings).
Surveys ceased at noon and were not con-
ducted during inclement weather conditions
(raining or extreme wind). The order in which
observers surveyed each transect varied, and
one observer was not always the first observer
to survey a transect line. The order in which
transects were surveyed was random.

Observers played calls of Black-backed and
Hairy woodpeckers along a transect line every
200 m following the protocols of Dudley and
Saab (2003). When observers detected a
Hairy or Black-backed Woodpecker, they
spent �90 min attempting to follow the bird
and locate its nest. If a nest was found, the
observer recorded the spatial coordinates of
the nest, how long it took to locate the nest,
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TABLE 1. Model selection results based on closed
capture Huggins models of detection probability for
two woodpecker species in burned and unburned for-
ests in south-central Oregon. Models are ranked from
most plausible (�AICc � 0) to least plausible; k is the
number of parameters. Forty-one Hairy Woodpecker
and 21 Black-backed Woodpecker nests were included
in the analyses.

Model �AICc AICc wt k

Stage 0.0 0.55 3
Stage and species 1.6 0.24 4
Observer and stage 2.0 0.20 5
Observer, species, stage 8.0 0.01 8
Constant 14.2 0.00 1
Species 16.1 0.00 2
Day in season 16.1 0.00 2
Day in season and species 16.2 0.00 3
Observer 18.0 0.00 3
Observer and day 18.2 0.00 4
Observer and species 22.4 0.00 6

the bird species, and any behavioral cues that
indicated the stage of the nesting attempt.
When possible, observers used a treetop-peep-
er (video camera) (TreeTop II System, Sand-
piper Technologies Inc., Manteca, CA, USA)
to further establish the stage of the nesting
attempt (Dudley and Saab 2003).

We defined and assigned each nest to one
of three nest stages depending on nest status
(i.e., eggs, recently hatched, or older nest-
lings). If we observed eggs or incubation be-
havior (adults returning to the cavity without
food and remaining in the cavity for a long
period of time), the nest was considered an
‘‘early’’ stage nest. ‘‘Middle’’ stage nests were
those where we observed nestlings or feeding
behavior inside the nest cavity. If we observed
nestlings feeding or perched at the cavity en-
trance (i.e., near fledging), the nest was clas-
sified a ‘‘late’’ stage nest.

Statistical Analyses.—We treated each ob-
served nest as an individual in Program
MARK and constructed a detection history of
zeros and ones indicating detection by partic-
ular observers. For example, a nest found by
observer #1 but not observers #2 or #3 would
receive a detection history of ‘‘100’’. A closed
capture Huggins estimator with a logit-link
function in Program MARK (Huggins 1989)
enabled us to estimate population sizes from
initial capture and recapture probabilities (in
our case detection probabilities), and allowed
inclusion of individual covariates to model de-
tection probabilities.

Closed-capture models assume that survival
probability is 1.0 for all individuals for short
time intervals between sampling occasions
(White and Burnham 1999). Given previous re-
search indicating that daily nest survival rates
are high for these two species (Saab et al. 2007),
we assumed the nest did not fail over the short
time period during which the three observers
surveyed each transect. Previous estimates of
daily nest survival in an unlogged post-fire land-
scape of Idaho were 0.995 (95% CI [0.982–
0.999]) for Black-backed Woodpeckers and
0.989 (95% CI [0.979–0.994]) for Hairy Wood-
peckers (Saab et al. 2007). Thus, probability of
nest failure within a 5-day period was 0.05 for
Hairy Woodpeckers and 0.02 for Black-backed
Woodpeckers; we believe we were justified in
choosing a closed-capture model for this study.

We generated an a priori list of candidate

models of detection probability including a
model of constant detection as well as models
that varied across burned and unburned forest,
nest stages, and species. We selected top mod-
els of nest detection probability using infor-
mation theoretic approaches (Burnham and
Anderson 2002). Day in season the survey oc-
curred was calculated as a continuous covar-
iate with the first day of the first survey equal
to day 1. We did not include day in season
and nest stage in the same model because
these variables were confounded with one an-
other. We used the delta method (Seber 1982)
to estimate 95% confidence limits for proba-
bilities of detection as functions of variables
in the best models.

RESULTS

Searchers located 21 Black-backed Wood-
pecker (21 in burned and zero in unburned
forest) and 41 Hairy Woodpecker nests (38 in
burned and 3 in unburned forest). We did not
include habitat as a factor in our candidate
models due to small sample sizes in the un-
burned landscape. Detection probabilities var-
ied as a function of nest stage, species, and
observer (Table 1). Later stage nests were
more detectable than early stage nests, and
Black-backed Woodpecker nests were slightly
more detectable than those of Hairy Wood-
peckers. Fifty-five percent of the model
weight was associated with the model con-
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TABLE 2. Parameter estimates from best models
of nest detection probability for two woodpecker spe-
cies in a mixed conifer forest in south-central Oregon.
Estimates are the probability that an observer will lo-
cate a nest on one survey.

Detection
probability Estimate 95% C.I.

Black-backed Woodpecker

Early stage 0.4 0.23–0.60
Middle stage 0.6 0.36–0.75
Late stage 0.9 0.75–0.96

Hairy Woodpecker

Early stage 0.3 0.18–0.53
Middle stage 0.5 0.36–0.64
Late stage 0.9 0.71–0.95

FIG. 1. Estimates of detection probabilities (prob-
ability of a nest being detected after 1, 2, or 3 visits)
for each nest stage from the closed capture Huggins
model in Program MARK for 41 Hairy Woodpecker
nests and 21 Black-backed Woodpecker nests in south-
central Oregon. Bars indicate 95% confidence inter-
vals, boxes indicate average detection probability.

TABLE 3. Estimates of nest numbers (N̂ ) from closed-capture Huggins model in Program MARK for two
woodpecker species in a mixed conifer forest in south-central Oregon. Estimates of nest numbers are based on
three surveys.

Species and stage Count (95% C.I.)N̂ % Missed

Black-backed Woodpecker

Early Stage 10 12.7 (10.7–18.3) 21.3 (6.3–45.3)
Middle Stage 6 6.5 (6.1–8.1) 8.0 (1.5–25.8)
Late Stage 5 5.0 (5.0–5.1) 0.2 (0.0–1.7)

Hairy Woodpecker

Early Stage 10 14.2 (11.1–22.2) 29.5 (10.2–55.0)
Middle Stage 21 24.1 (22.1–28.6) 12.8 (4.9–26.5)
Late Stage 10 10.0 (10.0–10.3) 0.2 (0.0–2.4)

taining nest stage only, 24% was associated
with the model that also included a species
effect, and 20% was associated with a model
including both observer and nest stage effects.
The probability of detecting a nest with only
one survey was �0.50 for early stage nests of
both species, but increased to �0.90 for late
stage nests of both species (Table 2).

The estimated percentage of early stage
nests that was missed for three visits by in-
dependent observers was 21.3% for Black-
backed Woodpeckers and 29.6% for Hairy
Woodpeckers (Table 3). Confidence limits on
these estimates ranged from 6 to 55%, sug-
gesting that substantial numbers of early stage
nests were potentially missed. The estimated
percentage of middle stage nests missed was
lower than for early stage nests (8.0% for
Black-backed Woodpeckers and 12.8% for
Hairy Woodpeckers). We estimated the per-
centage of late stage nests missed was small
(�1%) for both species (Table 3).

The probability of nest detection increased
in the early nesting stage from 0.4 (95% CI
[0.23–0.60]) for one visit to 0.8 (95% CI
[0.55–0.94]) for three visits for Black-backed
Woodpeckers and from 0.3 (95% CI [0.18–
0.53]) to 0.7 (95% CI [0.45–0.90]) for Hairy
Woodpeckers (Fig. 1). A similar increase was
observed for middle stage nests of both spe-
cies. The detection probabilities of late stage
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FIG. 2. Estimates of detection probabilities of each
nest stage (early, middle, and late) from the closed
capture Huggins model in Program MARK for 62
woodpecker nests (Hairy and Black-backed) in south-
central Oregon for three different observers. Bars in-
dicate 95% confidence intervals, boxes indicate aver-
age detection probability.

nests of both species was greater than 0.8 for
one visit and approached one for three visits
(Fig. 1).

Differences between probabilities of detec-
tion for early versus late stages and middle
versus late stages were large (�0.3) for both
species, indicating that late stage nests were
more detectable than early and middle stage
nests. Estimated differences between detection
probabilities for Hairy versus Black-backed
woodpeckers for all nest stages were small
(�0.1) with non-significant differences be-
tween Black-backed and Hairy woodpeckers
(Fig. 1). Estimates of differences in detection
for Black-backed versus Hairy Woodpecker
nests were 0.07 (95% CI [�0.197–0.335]) for
early stage nests, 0.07 (95% CI [�0.177–
0.325]) for middle stage nests, and 0.03 (95%
CI [�0.121–0.182]) for late stage nests.

One observer (observer A) was slightly bet-
ter at finding nests in all stages of develop-
ment than the other two observers; however,
confidence limits for each observer by stage
were wide and overlapped considerably (Fig.
2). Overall, observer A found �69% of all
nests, while observer B located �60% and ob-
server C, �56% (Table 4). This difference
was consistent across nest stages and species.
Observer B appeared to be slightly better at
detecting Black-backed Woodpecker nests
(67% of total) than Hairy Woodpecker nests
(56% of total).

DISCUSSION

The probability of a single observer detect-
ing a woodpecker nest in a burned forest was
�1 for all observers, both species, and all nest
stages. These results have implications regard-
ing the validity of treating single-survey nest
counts as census data. We believe our results
are relevant to other avian species and urge
caution when interpreting single-survey nest
counts as census data. Depending on the spe-
cific goals of the work, the results of nest de-
tection studies can be used to improve survey
design by correcting for biased count data.

Observer and species differences in detec-
tion of nests are expected. Nichols et al.
(2000) concluded that observer and species
differences account for a large portion of the
variability in detection probability. Studies
surveying for multiple species of cavity-nest-
ing birds may find larger differences between

detection rates of different species than we
found for the two similar species in this study.
Our results indicated that although Black-
backed Woodpecker nests were slightly more
detectable than Hairy Woodpecker nests, con-
fidence limits overlapped for probabilities of
detection in each nest stage. This result may
have been due to the relatively small sample
sizes of nests.

Multiple surveys were effective at finding
successful nests (i.e., late stage nests), and
these nests were more likely to be included in
the data set than nests that failed before reach-
ing later developmental stages. Differences in
probabilities of detection between nest stages
for woodpecker nests in the mixed-coniferous
forests of Oregon may have consequences for
estimates of nest survival if nest survival
varies as a function of nest stage (Grant et al.
2005). Numerous methods exist for incorpo-
rating effects of nest stage or age on nest sur-
vival including methods that are appropriate
when nest age is unknown (Dinsmore et al.
2002, Jehle et al. 2004, Rotella et al. 2004,
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TABLE 4. Number of nests found, and percentage
of total nests found for each species and nest stage for
each of three independent observers. All three observ-
ers surveyed the same area within 3–5 days. The order
in which the observers surveyed the area was random.

Species Early Middle Late Totals %

Black-backed Woodpecker
Observer A 8 3 4 15 71.4
Observer B 5 5 4 14 66.7
Observer C 5 3 4 12 57.1

Hairy Woodpecker

Observer A 6 10 12 28 68.3
Observer B 5 6 12 23 56.1
Observer C 4 9 10 23 56.1

Both species

Observer A 14 13 16 43 69.4
Observer B 10 11 16 37 59.7
Observer C 9 12 14 35 56.5

Stanley 2004). Rotella (2007) cautioned that
methods of Dinsmore et al. (2002) and Rotella
et al. (2004) do not account for detection rate,
are contingent on the data set, and assume the
sample of nest data is representative of the
population of nest data. If researchers are
aware of important factors influencing nest
detection, they may be able to adjust search
effort to improve their ability to locate diffi-
cult to detect nests, or detection rate could be
incorporated into estimates of nest survival
(McPherson et al. 2003).

We believe it is unlikely that we missed
late-stage nests of Black-backed Woodpeckers
in the unburned forest given the high proba-
bility of detecting their late stage nests in
burned forests. Our results support previous
findings that burned forests are important
nesting habitat for this species compared to
unburned forest (Bock et al. 1978, Raphael
and White 1984, Hutto 1995, Dixon and Saab
2000, Hoyt and Hannon 2002, Saab et al.
2007). Additional studies confirming the scar-
city of Black-backed Woodpeckers in un-
burned forests would be useful; however, ob-
taining data on use of unburned forests by
these species would likely be difficult and ex-
pensive.

Recent literature has emphasized the im-
portance of estimating detection rates when
conducting presence/absence studies (Dorazio
et al. 2006, MacKenzie et al. 2006, Royle and
Kéry 2007). Our results suggest that multiple

surveys and different observers are required
throughout the nesting season to ensure the
majority of nests are counted. Researchers in-
terested only in the total number of successful
nests may need to only focus on surveying
during the late nesting season (if the species
nests synchronously and renesting rates are
low). We recommend evaluating detection
probability in all habitats of interest for stud-
ies of habitat-specific comparisons where hab-
itats might have different detection rates.
However, in habitats where the species is
scarce, estimates of detection may not be pos-
sible. By quantifying detection probability, re-
searchers can have more confidence in their
conclusions regarding woodpecker population
dynamics and will be less likely to report mis-
leading results on habitat preferences.
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